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AGE AND SEX DIFFERENCES IN SPONTANEOUS, ADRENERGIC
AND CHOLINERGIC HUMAN SWEATING*
A. SILVER, PH.D., W. MONTAGNA, Pn.D. AND I. KARACAN, MID.
According to Cannon (1), old age is accom-
panied by a decreased efficiency in heat loss.
Since the eccrine sweat glands play an impor-
tant role in heat loss, it would be important
to know if their functional ability changes with
age, both on the palmar surface and on the
general body surface. In this study we have
measured the responses of the eccrine sweat
glands to three types of sudorific stimuli: 1)
normal neurogenic stimuli which cause perpet-
ual "spontaneous" palmar-digital sweating, 2)
local injection of mecholyl which is comparable
to the effect of physiological thermogenic stim-
uli (2), and 3) local injection of adrenaline, in
order to compare the responses of the glands to
adrenergic and cholinergic agents, and to see
if these responses vary with sex and with age.
MATERIALS AND METHODS
A. Two groups of subjects were studied: 1.) 15
university students and technicians, 7 men and 8
women, 17—24 years old; 2.) 16 inmates of the
State geriatric wards, selected for general good
health (physical and mental), 8 men and 8 women,
72—84 years old.
B. Photographs of skin (fingers and forearms)
were taken with a cycloptic microscope equipped
with a camera, and an electronic flash (1/500 see).
To make quantitative studies, a reticle divided
into squares was permanently installed into the
third ocular lens so that all photographs carried
the lines of the grid. We nsed the method of Wada
(3) to visualize sweat.
In stndying spontaneons sweating, the volar tips
of paired fingers were prepared as follows; the skin
was dried with absolute alcohol and painted with
3% iodine in alcohol. The surfaces were then kept
dry by directing onto them an air stream from a
small hair drier until the starch-oil was apphed,
which was considered zero-time. Photographs were
taken at 1, 3, 5 and 10 minutes after the starch
had been applied. The drugs were injected in the
flexor surface of the forearm, one arm for adren-
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alin and the other for mecholyl. The injections
were made about 30 minutes apart, and the order
of administration was varied in different subjects.
The skill was first prepared as above and, after the
starch-oil was applied, 0.05 ml of the drug was
injected intradermally using a 27 needle. The
drugs were made up in sterile saline, in concentra-
tion of 10' and 10 gm/mi. The time of injection
was considered zero-time, and photographs were
taken at 1, 3, 5 and 10 minutes after the injection.
Since the sweat spots developed gradually in all
cases, the pictures taken after ten minutes were
used in all quantitative comparative studies.
In order to eliminate psychogenic effects on
spontaneous sweating, all subjects were tested for
finger sweating on three separate days, without
being told that they might receive an injection.
The drug was injected after the third test; in three
cases the procedure was repeated at a fourth ses-
sion. Comparisons were made on results obtained
at the third and fourth sessions.
In 15 subjects measurements were made of the
spontaneous sweating in earlier sessions also, in
order to ascertain the degree of variations that
occur from time to time in the same individuals.
In every photograph used for measurement, the
diameters of all the sweat spots were measured
in the most densely populated 24 squares (repre-
senting 1/ sq cm of skin at the magnification
used) and the areas of the sweat spots were cal-
culated and summated. Corrections were made for
the degree of magnification and the figures were
reduced to a common unit, i.e., sq mm of sweat
appearing on one sq cm of skin in 10 minutes.
The numbers of sweat spots were also counted
in every case and in addition the mean area of
sweat per sweat spot was calculated in order to find
out the differences in numbers of active glands as
well as in mean activity per gland under different
conditions.
The data were analyzed statistically for com-
parison of any two groups. The t test was used,
and the significance level was taken as 5%.
RESULTS
A. Spontaneous sweating
The aged group showed a significant mean
decrease of 71% in the total area of finger sweaty'
sq cm/1O minutes compared with the young
group, and this trend held true when the groups
were divided into sexes. The marked decrease in
sweating of the aged was due mainly to a decrease
in the number of active sweat glands (M was
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FIG. 1. Spontaneous digital sweating in young and old subjects. Volar tips of index fingers,
photographed 10 minutes after application of starch-oil. A. Young man. (M .C. 2) B. Old man.
(M.L.) C. Young woman. (F.B. 2) D. Old woman. (J.D.)
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69% less in the aged group), but also to the
difference in the amount of sweat per active gland
(M was 25% less in the aged group).
The M number of active sweat glands per sq
cm on the fingertips of the young subjects was
found to be 514 52 for the men, and 618 23
for the women. The difference was not significant
at the 5% level for this number of subjects but
may reflect the fact that smaller fingers have
narrower ridges and, therefore, a larger number of
glands per unit area. The M number of active
digital sweat glands per sq cm for the aged group
was found to be 152 46 for the old men and
198 54 for the old women. Again, the difference
between the sexes was in the same direction, but
was not statistically significant.
Figure 1 shows 10-minute spontaneous finger
sweating in a young man and young woman, and
an old man and woman. Table I includes the
data for spontaneous sweating for all subjects.
A survey of the spontaneous sweating of seven
young subjects (4 men, 3 women) and eight old
subjects (4 men, 4 women) including data
obtained from repeated tests of right and left
fingers, showed no constant preponderance of
sweating of right over left hand, and no correla-
tion with the "handedness" of the subject. The
individual variations shown by one individual
from time to time were considerably less than the
variations between separate individuals. Thus,
the mean coefficient of variation (sd./M) for
several tests on single individuals was .22 for the
young group and .57 for the old group (from the
data in Table II), the difference being statistically
significant; in contrast, the coefficient of variation
among the several individuals was .95 for the
young group and 1.96 for the aged (from the data
in Table I).
It is evident that the aged group showed more
individual variation from time to time and more
variations between individuals than did the young
group.
Table II gives the data for separate tests of
spontaneous sweating on the same individuals.
B. Reaction to adrenatine
The amount of sweat (area of sweat per sq cm
of skin) produced in 10 minutes after the injec-
tion of adrenalin into the forearm was less in
absolute terms than that produced spontaneously
in a corresponding area of the finger, or in the
forearm injected with mecholyl in all of the men,
young and old, and in the old women.
TABLE I
Spontaneous digitat sweating
Sobiect
Young ci'
M.C.(1)
M.C.(2)
P.O.
11.1.
P.K.
D.M.
K.N.
J.S.
Agt
21
19
21
23
24
20
17
!
i-
25
23
27
26
27
25
24
26
Tots! Sweat
per sq cm
(mm2)
3.89
5.88
8.44
10.76
11.43
3.80
6.30
11.34
No. of
Sweat Spots
per sq cm
426
420
618
762
402
294
516
672
Area of
S5weat per
m'$
.9
1.4
1.4
1.4
2.8
1.3
1.2
1.7
M se.
s.d.
V
7.73 1.1
3.0
.39
514 52
148
.29
1.5 .2
.5
.34
Young 9
D.A.
F.B.(1)
F.B.(2)
N.B.(1)
N.B.(2)
M.C.
A.C.
E.G.
R.K.
M.W.
18
21
18
20
19
23
19
24
26
25
26
25
24
28
24
25
27
24
10.59
8.47
11.10
8.01
10.22
12.60
9.72
6.13
10.70
8.73
708
603
576
738
702
564
612
624
546
504
1.5
1.4
1.9
1.1
1.5
2.2
1.6
1.0
2.0
1.7
M se.
s.d.
V
Old o
CA.
Fl).
C.E.
E.H.
ML.
W.P.
W.Pel.
T.S.
75
80
77
72
76
77
79
74
23
26
24
24
23
22
26
23
9.63± .6
1.7
.18
6.34
.33
.24
1.25
.15
.87
3.43
3.55
618 23
73
.12
378
18
18
198
18
84
288
216
1.6 .1
.4
.25
1.7
1.8
1.3
.6
.8
1.0
1.2
1.6
M s.e.
s.d.
V
Old9
E.A.
E.C.
J.D.
M.G.
M.H.
E.H.
CM.
MW.
id s.e.
s.d.
V
81
72
79
73
77
73
74
84
23
26
25
24
23
24
26
25
2.02 .7
2.1
1.04
7.13
.42
.39
7.26
.19
4.00
.61
4.09
3.01± 1.0
2.8
.93
152 46
130
.85
396
54
30
396
27
264
102
318
198 54
152
.76
1.3 .1
.4
.31
1.8
.8
1.3
1.8
.7
1.5
.6
1.3
1.2 .2
.5
.42
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TABLE II
Spontaneous sweating* of paired fingers of same individuals at different sessions
The reaction of the aged group to adrenaline
was less than that of the young group. The M
amount of sweat per sq cm produced by the aged
was 47% less than for the young. There was no
sex difference in the response to this drug. The
decreased response of the aged was due to a
decreased output per gland (M decrease was
31%). There was no statistically significant
difference between young and old in the numbers
of glands activated by the drug. Figures 2 A and C
and 3 A and C show typical adrenalin responses
in a young man, old man, young woman and old
woman. Table III includes the data on responses
to adrenaline.
C. Reaction to mecholyl
The sweating induced by mecholyl was mark-
edly greater in men than in women. The M total
area of sweat/sq cm of skin was 575% greater in
young men compared to young women and 109%
greater in old men compared to old women. The
response of young women to mecholyl was, almost
without exception, identical with their response
to adrenalin.
In men the response to mecholyl decreased with
age. The ifi total area of sweat per sq cm among
the aged men was 50% less than for the young
men. This was due entirely to a decrease in M
output per gland, which was 67% less in the aged.
The number of sweat spots produced was not
significantly different.
The mean size of the sweat spots produced by
mecholyl in the men was thus far greater than in
the women. In many cases among the young men,
and in one case in the old men, some drops
coalesced so that the number of spots was less
than the actual number of active glands.
In women the response to mecholyl, rather
than decreasing, tended to increase with age.
The M total area of sweat per sq cm among the
aged women was 60% greater than for the young
women, and the M output per gland was 73%
greater than in the young women. However,
neither difference was statistically significant at
the 5% level.
Figures 2 B and ID and 3 B and D show typical
meeholyl responses of a young mali, an old man,
a young woman, and an old woman. Table III
includes the data on responses to mecholyl.
(1)
L °Ct
(2)
s.d. v
(3) (4)
L Oct R L 0ct R L 0ct
8678.47 257.21 11.10 20
Subject
Young d
M.C.
RI.
D.M.
J.s.
Young
F.B.
NB.
R.G.
Old
CA.
ML.
w.P.
W.Pel.
Old
E.C.
MG.
MR.
E.H.
M + se.
4.92
11.80
4.77
10.52
Finger
Index
Ring
Index
Index
Index
Index
Index
Index
Index
Index
Index
Index
Index
Index
Index
R
4.03
8.30
4,42
9.09
5.67
8.90
7.05
1.97
.57
1.66
4.61
1.66
.58
.31
2.06
.48
2.01
.47
.65
R
5.89
10.76
6.30
9.42
4.67
8.25
5.59
1.72
.10
.10
3.29
.93
2.91
1.44
1.87
3.89
9.55
4.55
12.22
5.17
8.01
2.46
4.09
.72
1.92
.88
1.88
.63
.34
2.90
25
26
24
25
26
25
25
26
29
26
28
24
23
23
24
5.88
18.59
3.80
11.34
7.55
10.22
6.13
5.25
.26
.85
3.22
1.64
2.66
1.29
3.31
23
26
25
26
24
24
25
29
27
25
26
23
24
23
24
.96
4.02
.93
1.31
2.00
.86
1.73
1.80
.24
.60
.64
.66
2.23
.52
.85
.20
.34
.20
.12
.27
.10
32
.51
.76
.58
.21
.59
.76
.83
.32
1.94
.10
.83
3.09
.16
3.65
.21
1.62
7.31 .71
8.85 .43
5.31 .86
3.55 .73
.32 .10
1.04 .24
3.09 .26
1.12 .27
2.94 .91
.63 .21
2.63 .35
5.34
.15
.87
3.43
.42
7.22
.19
4.00
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23
23
26
26
24
23
24
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Fio. 2. Adrenergic and cholinergic sweating in males. Photographs of forearms taken 10
minutes after drug injection. A. Young man, adrenalin response. (M.C. 1) B. Young man,
mecholyl response. Same individual and same session as in A. (M.C. 1) C. Old man, adren-
alin response. (T.S.) Arrow indicates site of injection. D. Old man, mecholyl response. Same
individual and same session as in C. (T.S.)
TABLE III
Pharmacologically indnced sweating (forearm)
Adrenaline Response Mecholyl Response 1echolyl
Response!
AdrenalineU ject Drug Total sweat No. of M area of Drug Total sweat No. of M area of Response
per sq cm sweat spots Sweat per per sq cm sweat spots sweat per spot (Total sweatCeIfra- (mm2) per sq cm spot (.01mm2) tion (mm2) per sq cm (.01 mm2) per sq cm)
Young o
M.C.(1) 10 3.06 168 1.8 10 22.14 114* 19.4 7.24
M.C.(2) 10 2.09 138 1.5 10 28.90 114* 25.4 13.83
P.G. 10 4.03 276 1.5 10 5.71 174 3.3 1.42
RI. 10 1.73 174 1.0 10 23.14 186* 12.4 13.38
P.K. 10—a 6.17 168 4.3 10 38.24 66* 57.9 6.20
D.M. 10 3.14 192 1.6 10 25.98 198 13.1 8.27
K.N. 10 3.37 282 1.2 10 7.80 198 3.9 2.31
J.S. 10 1.48 168 .9 10 12.86 162 7.9 8.69
M se. 313 .5 196 18 1.7 .420.60 3.7152 1717.9 5.9 7.67 1.5
s.d. 1.4 50 1.0 10.4 48 16.7 4.21
V .45 .26 .59 .50 .31 .93 .55
Young
D.A. 10—a 2.08 174 1.2 10 .71 132 .5 .34
F.B.(1) 10 .85 126 .7 10 1.92 186 1.0 2.26
F.B.(2) 10—s 1.88 126 1.5 10 1.53 156 1.0 .81
N.B.(1) 10 4.25 300 1.4 10 3.20 300 1.1 .75
N.B.(2) 10 5.18 246 2.1 10 4.20 264 1.6 .81
M.C. — — — — 10 4.06 204 2.0 —
A.C. 10 3.19 210 1.5 10 6.48 192 3.4 2.03
R.G. 10—s 2.15 144 1.5 10a 2.84 198 1.4 1.32
R.K. 10—a 2.96 168 1.8 10a 2.51 162 1.5 .85
M.W. 10 2.03 216 .9 — — — — —
M s.e
s.d.
V
273 .4
1.3
.48
190 18
55
.29
1.4 .13
.4
.29
3.05 2.6
1.6
.52
199 17
50
.25
1.5 .16
.47
.31
1.15 .2
.63
.55
Old o
CA.
F.D.
C.E.
E.H.
ML.
W.P.
W.PeI.
T.S.
10
10—s
10
10—a
10
10—a
1010
.51
2.44
.68
1.98
2.63
.18
3.14
2.54
78
276
60
234
324
18
210
318
.7
.9
1.1
.8
.8
1.0
1.5
.8
1.0 .1
.2
.24
10—a
10
10—a
b—a
10—a
10—a
10
10—a
8.63
4.46
10.30
8.76
4.59
5.63
26.44
12.93
10.22 2.4
6.7
.66
150
174
228
228
102*
282
156
186
188 19
53
.28
5.8
2.6
4.5
3.8
4.5
2.0
16.9
7.0
5.9 1.6
4.4
.75
16.92
1.83
15.15
4.42
1.75
31.28
8.42
5.09
10.61 3.3
9.5
.89
M±s.e.
s.d.
V
176 .4
1.1
.63
190 40
114
60
Old
E.A.
E.C.
J.D.
M.G.
MR.
E.H.
CM.
MW.
10—a
10
10
10—1
10
10
10
10
5.01
.86
.79
1.42
.69
1.59
.51
2.84
240
96
114
102
90
150
42
144
2.1
.9
.7
1.4
.8
1.1
1.2
2.0__—
10
10
10
10
10
1010
10
5.71
3.34
2.84
1.42
6.88
3.96
5.13
9.72
300
240
156
126
252
186
264
118
1.9
1.4
1.8
1.1
2.7
2.1
1.9
8.2
1.14
3.88
3.59
1.00
9.97
2.49
10.06
3.42
s.e.
s.d.
V
1.71 .5
1.4
.82
122 19
55
.45
1.3 .2
.5
.38
4.88 .9
2.4
.49
205 23 2.6 .8
64 2.2
.31 .83
4.44 1.2
3.4
.76
* Coalescence of spots.
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FIG. 3. Adrenergic and cholinergic sweating in females. Photographs of forearms taken
10 minutes alter drug injection. Arrows indicate site of injection. A. Young woman, adren-
alin response. (F.B. 2) B. Young woman, mecholyl response. Same individual and same
session as in A. (F.B. 2) C. Old woman, adrenalin response. (MU.) D. Old woman,
mecholyl response. Same individual and same session as in C. (MU.)
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D. Comparison of the responses in the same
individual to mecholyl and
to odrena tin
In all individual men the response to mecholyl
was greater than to adrenalin. The actual
ratios of total area of sweat per sq cm produced
by mecholyl to the amount produced by ad-
renalin in the same individual may be seen in
Table III. The mean ratio for young men was 7.7
and for aged men, 10.6.
In women, the responses were less predictable.
The reaction to both drugs was weak and almost
identical in the young women, the mean ratio for
the group being close to 1 (1.15). In many in-
dividuals the reaction to mecholyl was actually
less than the reaction to adrenalin. In the old
women, however, 6 of 8 individuals showed a
considerably greater response to mecholyl than
to adrenalin, the mean ratio for the group being
4.4. Statistical analysis of the individual mecho-
lyl/adrenalin ratios in both groups of women
with regard to numbers of glands activated, total
area of sweat produced per sq cm, and mean size
of individual sweat spots showed that a significant
difference existed between the ratios for sweat
spot size (twice as great in the older group) and
total sweat produced (almost 3 times as great in
the older group). In the case of the ratios for
numbers of active glands, the old women showed
an increased mean value which, however, was not
statistically significant.
Examination of the data to see if any relation-
ship could be shown between the degree of
response to the two drugs on the part of the same
individual failed to show this, except in the case of
the group of young women who tended to react
similarly to both drugs. In regard to a possible
relationship between degree of spontaneous
sweating and drug responses in the same in-
dividual, the findings were also negative.
Within the relatively small range of variation
of room temperature within which the separate
tests were made (22°—29° C), there was no demon-
strable relationship between room temperature
at which the particular test was conducted and
the degree of spontaneous sweating, whether the
comparisons were made between different persons
or with the same person on successive sessions.
This is in accord with Gladstone's findings (4).
The same held true for the response to drugs.
The values for average room temperature during
each testing session are given in Tables I and II.
1?. Number of sweat spots as an index of
sweating activity
Authors have at times used the number of
sweat spots in a standard area of skin as an index
of sweating activity. Whereas this procedure is
valid for certain studies, for other studies it is
not. This can be seen in Table IV where the mean
values for number of spots/sq cm/b' is com-
pared with the total sweat area/sq em/lO' for
the 4 groups in each of the three tests (spon-
taneous sweating, adrenalin response and
mecholyl response). It is evident that below a
certain stimulus threshold level, not all of the
sweat glands within the tested area are activated.
Thus, in the old women, adrenalin activated only
122 glands/sq em. In regard to all 7 other mean
values for the drug tests on the forearm, the
sweat spot count fell within a narrow range of
about 190—205. The corresponding values for
total area of sweat per sq cm, however, ranged
from 1.8 to 20.6. One presumes that in all four
groups the full complement of sweat glands per
sq cm in this area of skin was about 200. Szabó
(5) gives 225 25/sq cm as a mean value for
anatomical number of sweat glands present in
formaline fixed skin from the forearm.
Thus, when the threshold stimulus is exceeded,
the output of individual glands simply increases,
sometimes phenomenally The mean output per
gland in the case of spontaneous sweating, or
adrenalin sweating for all 4 groups ranged
between 1.0 and 1.7 x .01 mm2. With mecholyl
stimulation the mean output per gland increased
twofold in the group of old women, fivefold in the
case of old men, and elevenfold in the case of
young men.
When sweat testing is concerned with situa-
tions where the number of functioning units may
be greatly decreased, as in peripheral nerve
injury (6) or in senile atrophy, which may be the
case in the hands of the old subjects in this study,
or in tests using threshold concentrations of
drugs, the sweat spot count may have con-
siderable validity. But in dealing with stronger
stimuli and healthy glands the sweat spot count
alone will not provide accurate information.
DISCUSSION
A. Method
The method used in this study involved the
two-dimensional measurement of the area of
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sweat spots. Although the method is not volu-
metric or gravimetrie, it is probably free of
certain errors which are inherent in more com-
plicated methods. In this method the sweat
spots form under a thin oil layer which not
only prevents evaporation, but also tends to
keep the drops fiat, so that the area becomes a
fairly reliable index of the volume.
B. Effect of age on sweating
There is a decreased water loss from the sur-
face of the fingertips in old subjects, probably
due to decreased sweating (7). More specifically,
MacKinnon (8) reported a decrease in the
number of spontaneously active digital sweat
glands in the aged. From her data on 123 men
between 7 and 96 years, one may calculate the
mean numbers of active digital sweat glands in
the case of 8 men, 17 to 24 years, and 23 men,
72—84 years. These show a 76% decrease in the
aged group over the young group, to be com-
pared with the 69% mean reduction reported
here on men and women in the same age levels.
The actual numbers of active glands per unit
area reported by MacKinnon are much higher
than those reported here. These differences are
probably due to two factors: 1) anatomical
difference between the sites nsed for measure-
ment; MacKinnon used the middle fingertip,
just distal to the central whorl, whereas we used
the index finger, lateral or proximal to the cen-
tral whorl, where the contours are flatter and,
therefore, easier to photograph, and 2) Mac-
Kinnon used a different method of measurement.
Concerning 1), the density of the sweat duct
openings on the volar surface of the fingers
depends chiefly on the width of the finger ridges
where the openings are located. The ridges are
smallest and closest together where the curves
are most acute, i.e. immediately distal to the
central whorl in most cases, on all fingers. The
ridges also vary in width on the five fingers,
again producing anatomically different popu-
lations of sweat pores. Silver, et al. (6) found
that the normal counts of sweat spots in the
five fingers is generally highest in the ring finger
and lowest in the index and thumb. Concerning
2), it is possible that the plastic impressions
used by MacKinnon gave a higher count, due
to wrinkling or shrinkage.
The counts of the digital sweat spots here
agree with those reported earlier (6) where
TABLE IV
Mean group values for the 3 sweat tests ranged in
order of total sweat response
Sweat Test Group
Total
Sweat
per sq
cm
(nms')
No.of Sweat
Spota per
sq cm
riu- Fore-ger arm
M
Output
perSweat
Spot
(.01
mm')
Adrenalin
Adrenalin
Spontaneous
Adrenalin
Spontaneous
Mecholyl
Adrenalin
Mecholyl
Spontaneous
Spontaneous
Mecholyl
Mecholyl
Old 9
Old c?
Old 8'
Young 9
Old 9
Young 9
Young 8'
Old 9
Young 8'
Young 9
Old 8'
Young a"
1.7
1.8
2.0
2.7
3.0
3.1
3.1
4.9
7.7
9.6
10.2
20.6
152
198
514
618
122
190
190
199
196
205
188*
152*
1.3
1.0
1.3
1.4
1.2
1.5
1.7
2.6
1.5
1.6
5.9
17.9
active sweat glands were visualized by Wada's
method, under a dissecting microscope, and
were counted within an S mm' hole punched
through a piece of tape placed on the finger. The
counts on the forearm given in the present
report (200/sq em) also largely agree with those
of Szabó (5), made on formalin fixed split
epidermis (225/sq cm), allowing for some
shrinkage of the fixed tissue.
The decrease in digital sweating in the aged
is evidently due to a decrease in the number
of functioning glands; whether these have dis-
appeared or are inactive cannot be settled now.
Not only is there a decrease in the number
of glands that can be activated, but also a
decrease in the sweat output per gland in the
old subjects; this implies that there is also a
physiological impairment of the glands. Our
findings in regard to pharmacological sweating
on the forearm agrees with this contention;
there, the evidence points to physiological
changes and not to a reduction in the nnmber
of glands. Cooper (9) remarked in this con-
nection: "The statement is found in the litera-
ture that. . . . sudoriparous glands are atrophic
and diminished in number in senile skin, but
experimental work to prove this point seems
to be lacking".
The effect of age, then, is to decrease spon-
taneous digital sweating, decrease the response
* Some coalescence of spots.
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of the glands in hairy skin to adrenaline, and
in men, to decrease the response to mecholyl.
If aging also causes a decrease in response to
mecholyl in women, this effect is masked by
other factors, as is discussed below.
In addition to decrease in functional activity,
the aged group (both sexes) demonstrated a
greater coefficient of variation than the young
group in almost every category. MacKinnon's
(8) data on digital sweating also show this. The
findings are concordant with Chase's (10) con-
cept that aging generally results in an increase
in variability.
C. Effect of sex on sweating
Sex has no apparent effect upon the spon-
taneous sweating of the fingers, nor is there a
sex difference in response to adrenaline. Some au-
thors (11, 12, 13) have reported weaker sweating
responses to adrenaline than to acctylcholine or
to meéholyl, bnt none noted that young women
show little or no difference in response to the two
drugs.
It is generally agreed that there arc sex dif-
ferences in sweating response to acetylcholine
(or mccholyl) (11, 14, 15). The present findings
show the magnitude of this difference and also
bring out the relation of this phenomenon to
age, apparently indicating a definite dependence
on the sex hormones. We find a pronounced
difference between the sexes in young adults,
and a persisting, but lesser difference between
the sexes in the 8th decade. Since aged men
showed a definite decreased response to mecholyl,
whereas the aged women showed no decrease
(but some increase) one must look for a change
in hormonal balance with age, which is different
for the two sexes. The following available figures
on androgcn/cstrogcn ratio arc pertinent to the
argument: for young women, 0.3; for old women,
0.6; for young men, 1.4; for old men, 0.5. (ratios
constructed from data in Bell et al., (16). The
ratio increases with age in women, but decreases
in men, and one might suspect that the sensitizing
effect on the eccrine sweat glands is only mani-
fested when the ratio exceeds some threshold
value, such as 0.4.
Thus, it would appear that there arc two
separate factors which affect the basic activity
of the eccrine glands. First is the intrinsic
condition of the glands which delimits their
ability to respond to any agent. This condition
alters with age in the direction of increased
limitation. The second, an extrinsic factor, such
as hormonal balance in the blood, affects the
sensitivity of the eccrine glands to cholincrgic
but not to adrcncrgic agents.
SUMMARY AND CONCLUSIONS
We have conducted three tests for sweating
ability on two groups of subjects, young and old,
subdivided as to sex: 1) spontaneous digital
sweating, 2) response of the glands in the
forearm to local injections of adrenaline, and
3) response of the glands of the forearm to local
injections of mccholyl. Sweating was recorded
photographically and measurements of sweat
spots were calculated from suitably enlarged
photographs. Data were reduced to 1) the area
of sweat/sq cm of skin/b minutes, 2) the num-
ber of sweat spots/sq cm of skin/b minutes,
and 3) the mean sweat output per gland/lO
minutes. The results were as follows:
1. Spontaneous digital sweating in the old
subjects was markedly decreased, mainly by a
reduction in the number of active glands, but
also by the output per gland. No sex difference
was found in spontaneous sweating in either tha
old or the young group.
2. The reaction of the glands of the forearm
to adrenaline was less in the old subjects, due
entirely to a decreased output per gland, and
not to a reduction in the number of activated
glands. No sex difference was found in the
response to this drug.
3. The response of the glands of the forearm
to mecholyl was markedly greater in men than
in women, and the effect of age was different
in the two sexes. Old men showed a lowered
response to mecholyl compared to young men:
old women showed no decrease but some in-
crease compared to young women. These dif-
ferences in response were due entirely to out-
put per gland.
4. Comparison of the mean sweat output per
gland in the three tests for the four groups,
(young men, young women, old men, old
women) showed that there was a similar basic
level of output in response to adrenalin and
for spontaneous sweating. This output was in-
creased by mccholyl twofold in old women,
fivefold in old men, and clcvenfold in young
men. The young women showed no difference in
their response to mecholyl and adrenalin.
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5. The old subjects showed a greater coeffi-
cient of variation than did the young group.
6. Counting of sweat spots alone was shown
to he an inadequate index of sweating activity
in certain types of investigation.
7. The pharmacological results led to the
proposition that two separate factors affecting
the ecerine sweat glands are involved: a) the
intrinsic glandular condition which deteriorates
with age, and generally limits the response of
the glands to all agents, and b) an extrinsic
factor, such as hormonal balance in the blood,
which affects the sensitivity of the ecerine
glands to eholinergie but not to adrenergic
agents.
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